Spirocerca lupi is a nematode of Canidae that matures to the adult stage within the esophageal wall, where the nematodes form fibroblastic nodules that have potential to undergo malignant transformation to sarcoma in about 25% of cases. 1, 2 The initial diagnosis of canine spirocercosis is made using a combination of thoracic radiography, fecal analysis, and esophageal endoscopy.
Determination of malignant transformation is the next important step as it affects prognosis for individual dogs. Currently, antemortem diagnosis of malignancy is based on surgical biopsies obtained by endoscopy. [2] [3] [4] This is an invasive expensive procedure that requires general anesthesia and is often non-diagnostic because specimens commonly contain only superficial necrotic tissue. [4] [5] [6] Alkaline phosphatase (ALP) is a membrane-bound glycoprotein present in various tissues, including liver, bone, intestine, kidney, mammary gland, and placenta, and in leukocytes. 7 Total activity of canine ALP measured in serum includes liver, bone, and corticosteroidinduced ALP isoforms. 7 Increase ALP activity may occur in dogs with diseases involving tissues that express ALP, dogs receiving exogenous corticosteroids, and young growing dogs, which have higher ALP activity compared with adults owing to bone growth. 7 In canine osteosarcoma, increased total ALP has been associated with a poorer prognosis, [8] [9] [10] [11] and measurement of ALP has been proposed as a method to assess the efficacy of chemotherapy. A variety of malignant tumors in people have been shown to express a heat-stable placental ALP isoform.
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In seminoma, placental ALP along with human chorionic gonadotrophin and lactate dehydrogenase were shown to be predictive of relapse. 12, 13 In human patients with prostate cancer, total serum ALP activity combined with tartrate-resistant acid phosphatase and prostatespecific antigen were shown to be predictive of bone metastasis in up to 70% of cases without performing a bone scan. 14 In a previous study of spirocercosis, 23% of cases had increased ALP activity; however; differentiation between non-neoplastic and malignant nodules was not made. 15 In another study,
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ALP activity was increased in 5 of 7 dogs with neoplasms secondary to spirocercosis. 4 Neither study compared ALP activity between dogs with nonneoplastic and malignant lesions or determined if the high frequency of osteosarcoma reported to occur secondary to spirocercosis could have been a contributing factor to the increased activity. Differentiating non-neoplastic and neoplastic lesions in spirocercosis has implications for treatment and prognosis. The former can be successfully treated with doramectin, 3 but medical treatment is ineffective in dogs with malignancies in which surgical excision, with or without chemotherapy, is required and in which the long-term prognosis is poor. 4, 5 Response to appropriate anthelminthic treatment can be used to differentiate between non-neoplastic and neoplastic esophageal nodules, but monitoring for response to treatment is expensive, time-consuming, and often impractical. The proportion of males and females in the groups was not different (P = .67), with 49 females and 39 males in the non-neoplastic group compared with 20 females and 12 males in the group with neoplastic disease. In the latter group, the ALP ratio was significantly higher in intact compared with spayed females (P = .03), but median values for both were still < 1. 
Discussion
This is the first study to evaluate ALP activity in canine spirocercosis in which clear inclusion and exclusion criteria were established and in which non-neoplastic and malignant nodules in dogs with spirocercosis were compared using stricter criteria for differentiating non-neoplastic and neoplastic disease than reported previously. 4, 15 The exclusion criteria in the present study were specifically designed to avoid selecting cases with disease processes that might contribute to high ALP activity, whereas in previous studies of spirocercosis, other concurrent diseases unrelated to spirocercosis may have contributed to high ALP activity.
Our results indicate that ALP ratio is not a useful discriminatory biomarker of malignant transformation of esophageal nodules in canine spirocercosis. Furthermore, the overall proportion of dogs with increased ALP activity was lower compared with that previously 8 reported. 4, 15 There was substantial overlap in ALP activity between the 2 groups, and in most dogs, regardless of group, ALP activity was within the RI. It is unclear why ALP activity was not increased in the dogs with osteosarcoma; however, in most reports of increased ALP activity in dogs with osteosarcoma, the animals had appendicular osteosarcoma. [8] [9] [10] [11] S lupi-induced osteosarcoma is not appendicular, and perhaps pathophysiologic mechanisms are different.
Ccytochemical staining of tissue samples for ALP could help determine if it is indeed expressed by S lupi-induced osteosarcomas; if so, expression may be too low to contribute to measurable ALP activity. Alternatively, the half-life of the isoform elaborated by the neoplastic cells might be too short to contribute significantly to total ALP. Measurement of the activity of the different ALP isoforms, specifically the bone isoform, may be useful.
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